Aetiology
Many factors have been implicated in the pathogenesis of diabetic autonomic neuropathy. Neurovascular changes in autonomic ganglia have been described by some workers but not confirmed by others (Olsson & Sourander 1968 , Kott et al. 1974 . Appenzeller et al. (1965) induced autonomic neuropathy by injection of autonomic tissue with Freund's adjuvant. This suggested that there was an autoimmune factor in the pathogenesis of autonomic neuropathy, a suspicion which was intensified by the morphological abnormalities described by Duchen et al. in 1980 (see below) .
Although somatic nerve function in patients with diabetic neuropathy can undoubtedly be improved by better control of the diabetes, there is conflicting evidence about whether the function of autonomic nerves can be improved by similar means (Campbell et al. 1976 , Hreidarsson 1981 , Neuzner et al. 1981 .
Pathology
Thickening, hyperargentophilia and fragmentation of autonomic nerve fibres with a decrease in their number have been described in the autonomic nerves supplying the bladder wall, corpus cavernosum, heart muscle and sweat glands of diabetics (Faerman et al. 1982) . Demyelination, vacuolation of neurones and club-shaped enlargement of cell processes have also been recorded (Olsson & Sourander 1968) . The finding of infiltrations by lymphocytes, macrophages or occasional plasma cells around autonomic nerve bundles and ganglia in a group of 5 diabetics with symptoms of autonomic neuropathy has led to speculation that there may be an autoimmune element in the pathogenesis of autonomic neuropathy (Duchen et al. 1980) .
The clinical features of diabetic autonomic neuropathy will now be considered according to the system affected.
Cardiovascular system
The most troublesome feature of autonomic neuropathy affecting the cardiovascular system is postural hypotension. Myocardial infarction may be painless in the presence of autonomic neuropathy. Heart rate is mainly controlled by the parasympathetic system although the sympathetic system does playa part. The integrity of the autonomic system is studied by measurement of changes in heart rate or blood pressure under various conditions (Ewing & Clarke 1982) .
Parasympathetic system
Measurement of beat-to-beat variation in heart rate during deep breathing: Cyclical variations in heart rate are well recognized. The beat-to-beat variation in heart rate during deep breathing is due to a number of factors, including the rate and depth of respiration and changes in vasomotor tone. The efferent pathway requires intact vagal innervation of the heart, as beat-to-beat variation is abolished in man by atropine but not by propranolol. Beat-to-beat variation decreases in heart failure, with increasing age and often cerebral catastrophes. It can also be influenced by the resting heart rate, as will be discussed later.
Valsalva ratio: The Valsalva manoeuvre is performed by forcibly expiring against a closed glottis or expiring into a mouthpiece connected to a manometer. This causes an increase in intrathoracic pressure which in turn lowers the venous return to the heart, as a result of which the cardiac output is lowered. The drop in blood pressure reflexly induces vasoconstriction and a tachycardia. When the high intrathoracic pressure is released, venous return increases and blood pressure rises above baseline as maximal vasoconstriction persists. This overshoot produces a baroreceptor-induced bradycardia. The heart rate responses can be abolished by atropine but not with cardiac sympathetic blockade. The blood pressure overshoot can only be abolished by total autonomic blockade.
This reflex has been assessed by recording an electrocardiogram and measuring the Valsalva ratio, as defined by Levin (1966) . This is the ratio of the longest R-R interval after the manoeuvre to the shortest R-R interval during the manoeuvre. The normal range of values depends on the duration of the manoeuvre and the magnitude of the intrathoracic pressure produced. The ratio declines with age.
Measurement of heart rate response to change in posture: In normal patients a tachycardia occurs on standing from the supine position, this being maximal at approximately the fifteenth beat. A relative bradycardia then follows, usually becoming maximal at the thirtieth beat. Intravenous atropine abolishes this response whereas propranolol does not. There is no bradycardia if the patient is tilted from the supine position.
The ratio of the R-R interval of the thirtieth beat to the R-R interval of the fifteenth beat has been used as a measure of this reflex (Ewing et al. 1978 ). This index is independent of age and resting heart rate. It has been the subject of much discussion. MacKay et al. (1980) suggested that the ratio of the maximum heart rate to the minimum heart rate, irrespective of time, should be used. The measurement of the differences between the resting heart rate and maximal heart rate or the heart rate fifteen seconds after standing (Page & Watkins 1977) have also been proposed as indices of this response.
Sympathetic system
The commonly used tests for assessment of the sympathetic system include the measurement of pressor responses to change in posture and sustained handgrip.
Measurement of systolic blood pressure response to standing: On standing there is a pooling of blood in the lower extremities. This information is conveyed to the integrating structures in the brainstem from the baroreceptors via the glossopharyngeal and vagal nerves. Parasympathetic activity ceases immediately after standing, causing acceleration. Sympathetic activity increases, resulting in vasoconstriction. The fall in blood pressure is, therefore, corrected.
Measurement of pressor response to sustained handgrip: When a normal person performs sustained isometric exercise, the heart rate and cardiac output increase to a modest degree while the blood pressure response is more marked. The systemic vascular resistance is ·unchanged. The pressor response is due to sympathetic activity.
'Blanket' values of normality are generally used to assess an individual's performance for any particular test, i.e. normal ranges of values applied to all subjects irrespective of age, sex or resting heart rate (Ewing & Clarke 1982) . Two papers have been published where the normal ranges of values for the tests have been determined by calculating regression equations from the results of tests performed by non-diabetic controls, taking variable factors such as age and resting heart rate into account (Smith & Smith 1981b , Wieling et al. 1982 . In this way each individual's normal range of values for any particular test can be calculated.
Resting heart rate
Diabetics as a group have faster heart rates than non-diabetic controls. The measurement of the heart rate on a single occasion is probably an unreliable marker of autonomic neuropathy, although serial measurements over a period of time seem to reflect the progression of autonomic neuropathy within the cardiovascular system (Ewing et al. 1980 ).
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Exercise
Exercise capacity is reduced in diabetics with abnormal tests of cardiovascular reflex action. The severity of reduction in exercise capacity has been correlated to the degree of autonomic neuropathy (Hils ted 1982).
Cerebral blood flow
A decrease in cerebral blood flow following a CO 2 challenge has been described in diabetics (Dandona et al. 1978) . Defective autonomic control of the cerebral circulation has been suggested as one of the possible causes of this abnormality.
Respiratory system
Thirty episodes of sleep apnoea greater than ten seconds in duration have been described in 3 out of 8 diabetics with autonomic neuropathy studied by Rees et al. (1981) . Decreased lung elasticity in diabetics was noted by Schuyler et al. (1976) but not confirmed by Schernthaner et al. (1977) . Decreased vagally-mediated bronchomotor tone has been described in some diabetics (Douglas et al. 1981) .
Despite evidence of impaired ventilatory response to hypoxia in subjects with familial dysautonomia, there has been only one report of a similar abnormality occurring as a result of diabetic autonomic neuropathy (Courtney-Evans et al. 1971) . Three subsequent studies have failed to demonstrate this impaired ventilatory response to hypoxia in diabetics with autonomic neuropathy (Ewing et al. 1979 , Calverley et al. 1982 , Soler & Eagleton 1982 .
Diabetics with peripheral neuropathy were found to have an impaired ventilatory response to hypercapnia by Homma et al. (1981) , although Soler & Eagleton (1982) were unable to detect this abnormality in a similar group of diabetics.
In our unit we have recently found that out of 52 randomly selected, non-smoking diabetics, 13 (25%) had an abnormally decreased ventilatory response to hypoxia or hypercapnia or both when their responses were compared to a non-diabetic control group. Furthermore, 9 (21%) of the 41 diabetics who performed exercise tests had an abnormal pattern of respiration during exercise, the commonest abnormality being a significantly increased tidal volume during exercise (Williams 1982) .
Urogenital system
Impotence An association between diabetes and erectile failure has been known to exist for over two centuries. It has been taught that impotence due to autonomic neuropathy in a diabetic is characterized by a gradual onset of erectile failure with normal libido progressing to a total loss of erection. Psychological impotence is usually intermittent, abrupt in onset and associated with reduction in libido. Unfortunately, most cases of impotence have elements of both organic and psychological factors (Tattersall 1982) .
Simple tests of cardiovascular reflex action may help to distinguish between 'organic' and 'psychological' impotence, but they are seldom abnormal in diabetics complaining of impotence alone (Ewing et al. 1980) . Measurements of sleep erections and nocturnal penile circumference change are difficult to interpret (Tattersall 1982) .
Female diabetics may be unable to achieve orgasm because of autonomic neuropathy (Haslam 1980) .
Urinary bladder dysfunction
Afferent fibre damage results in diminished bladder sensation. Damage to the parasympathetic innervation causes decreased tone and weakness of the detrusor muscle which results in a weak, slow urinary stream and increased straining. Loss of sympathetic innervation of the trigone and internal sphincter causes sphincter dysfunction. This usually manifests itself as overflow incontinence rather than acute retention. Urinary stasis due to an 'increasing' residual volume of urine is associated with infection.
The diagnosis may be established by a wide variety of urophysiological tests including cystometry, sphincter electromyography, uroflowmetry, urethral pressure profiles and electrophysiologic tests of bladder innervation (Bradley 1980) .
Retrograde ejaculation and loss of testicular sensation are rarer manifestations of autonomic neuropathy in this system.
Sweating abnormalities
Profuse sweating within seconds of eating may be a troublesome symptom of diabetic autonomic neuropathy (Watkins 1973) . Diminished or absent sweating may also occur as a result of damage to the sympathetic innervation of the skin.
Alimentary system
The effect of diabetes on the gastrointestinal system has been reviewed by Scarpello & Sladen (1978) . Disturbances of oesophageal, gastric and colonic motility are common and often asymptomatic. Dilatation may occur and this may become severe and life-threatening if it affects the stomach. Decreased small bowel transit time leading to bacterial overgrowth with subsequent bile acid malabsorption have been suggested as factors responsible for 'diabetic diarrhoea'. This complaint manifests itself as intermittent, watery diarrhoea which is most troublesome at night. Asymptomatic gall bladder enlargement with poor contraction is also a well described feature of the effects of diabetic autonomic neuropathy on the alimentary system.
Pupils
Abnormalities of the autonomic innervation of the pupils may be detected by measuring the pupil size, preferably in darkness, and/or the pupillary reflexes to light (Hreidarsson 1982) . The pupils are most .commonly constricted in diabetic autonomic neuropathy, although abnormally large pupils have been described (Rundles 1945 , Martin 1953 , Blatz 1972 . Abnormal pupillary reflexes, ranging from a sluggish light response to the typical Argyll-Robertson pupil, have been recorded. The sluggish light responses are due to defective function of the sympathetic nerve supply rather than iris muscle myopathy or decreased afferent information from retinopathy (Smith et al. 1978 , Smith & Smith 1981 .
Prognosis
Sudden and unexplained deaths have been reported in patients with diabetic autonomic neuropathy. Some of these deaths have been attributed to painless myocardial infarction.
A prospective study of the natural history of diabetic autonomic neuropathy has been .performed by Ewing et al. (1980) . Seventy-three diabetics who complained of symptoms suggestive of autonomic neuropathy were followed prospectively for up to five years. Diabetics with symptoms and abnormal cardiovascular reflexes had over twice the calculated mortality rate of diabetics with symptoms alone. Half of these deaths in the group of diabetics with symptoms and abnormal cardiovascular tests could have been due directly or indirectly to autonomic neuropathy. Symptoms of postural hypotension, gastric disturbance and hypoglycaemic unawareness, together with abnormal autonomic function tests, carried a very poor prognosis. The prognostic relevance of abnormal cardiovascular reflexes alone has not yet been determined.
The prognostic significance of decreased sensitivity to hypoxia and hypercapnia in diabetics is uncertain. The occurrence of 12 cardiorespiratory arrests in 8 young diabetics with clinical symptoms of autonomic neuropathy and decreased beat-to-beat variation of heart rate was reported by Page & Watkins (1978) . Two of these subjects had evidence suggestive of decreased sensitivity to hypoxia, and it was postulated that because of impaired respiratory responses they may have been predisposed to cardiac arrest, Treatment Postural hypotension: It is important to remember that treatment with insulin can sometimes aggravate postural hypotension, and changing the timing of injections may help. Various treatments have been tried, including elastic stockings, ephedrine, tyrosine, indomethacin, monoamine oxidase inhibitors and beta-blockers. Fludrocortisone, 0.1-0.3 mg daily, seems to be the treatment of choice (Moskowitz 1977) .
Impotence: The treatment of impotence secondary to autonomic neuropathy is difficult (Tattersall 1982) . Psychological treatment and sex counselling have much to offer. Testosterone only increases libido without improving performance and is not generally used. Surgical implantation of a penile prosthesis into each corpus cavernosum should only be embarked upon following a careful preoperative evaluation of the patient, including his expectations of the treatment.
Bladder dysfunction and urinary retention:
Patients with bladder dysfunction should be encouraged to void three-to four-hourly during the day. Parasympathomimetic drugs have usually proved unhelpful. Antibiotic therapy may be given on a long-term basis for urinary infection (Frimodt-Meller & Mortensen 1980). Transurethral resection of the bladder neck to reduce the volume of residual urine should be performed only if there is evidence of bladder neck obstruction. This procedure carries a risk of subsequent bladder neck contracture in man and total urinary incontinence in women (Kirkby et al. 1982) .
Sweating: Troublesome excess sweating can be helped with anticholinergic drugs, e.g. propantheline bromide 15 mg three times daily, poldine methylsulphate 2 mg four times daily (Watkins 1973) .
Alimentary system: Metoclopramide and domperidone have been used with varying degrees of success in diabetics with symptomatic gastric atony (Gordon & Joseph 1981 , Snape et al. 1982 ). Metoclopramide has recently become a popular treatment of diabetic diarrhoea. Broad-spectrum antibiotics may be of help to those whose symptoms fail to improve with metoclopramide (Ewing & Clarke 1982) .
